Unbalanced bidding is a common practice used in both unit price and lump sum contracts. Contractors may unbalance their bids in different forms for various reasons. The studies in the literature either focus on developing optimization models that assist contractors in winning contracts and maximizing profits of their bids through unbalancing or developing models that assist owners in detecting and/or preventing unbalanced bids during the bid evaluation stage. Unbalanced bidding is one of the most controversial subjects in the construction management literature and practice. Although there is no consensus on whether it is unethical or not, this practice is not usually for the benefit of owners. Therefore, owners have the right to reject the unbalanced bids and create a fair competition environment if they have a mechanism to detect it during the bid evaluation process. The main objective of this study is to propose a model, which consists of five different grading systems and helps owners in detecting unbalanced bids during the tendering process. In the proposed model, owners may either calculate the individual grades of each bidder or calculate the final score of each bidder by assigning different weights to these grading systems according to the project characteristics or their own needs.
Introduction
Design-Bid-Build is the oldest, most familiar and traditional project delivery system in the construction industry. Although various alternatives (e.g. Design-Build, Professional Construction Management, etc.) to this project delivery system have been developed, it is still most commonly preferred by a great number of owners, particularly in the public sector. Construction projects built according to this project delivery system mainly undergoes five sequential phases:
1. pre-design phase, 2. design phase, 3. bid and award phase, 4. construction phase, and 5. post construction phase.
In the bid and award phase, the owners aim to select the most appropriate contractors, who are capable of completing the project in budget, on time and at desired quality (Mehta et al., 2009) . Therefore, this phase plays a key role in the overall project success.
Unbalanced bidding can be defined as a process of manipulating the prices of various bid items by increasing the prices of some items and simultaneously decreasing the prices of other items without changing the total bid price (Cattell et al., 2007) . Construction bidders may tend to submit unbalanced bids for various reasons such as achieving competitive advantage over other bidders, who submit balanced bids, and thereby winning the contract, minimizing the financing cost of the project, improving cash flow, increasing the profit, etc. (Hyari, 2016; Hyari et al., 2016; Nikpour et al., 2017) .
There are several types of unbalancing, depending on the contractor's motivation for employing this practice. The most common types are front-end loading, back-end loading, and quantity error exploitation (Cattell et al., 2007) .
In the first practice, i.e. front-end loading, construction bidders tend to change the unit prices of some items by offering higher, than average prices for items that will be carried out at the beginning of the project, whereas offering lower prices for items that will be carried out at the end of the project (Su and Lucko, 2015) . This practice may improve the contractor's cash flow. That is why this practice is also named as cash-flow unbalancing . On the other hand, it may bring about higher owner payments when the value of time is taken into account (Nikpour et al., 2017) .
Contrary to front-end loading, back-end loading is the process of overpricing items that will be carried out at the end of the project or are expected to have a higher rate of escalation (Cattell et al., 2007) . Back-end loading may lead to larger amounts in escalation in compensation for inflation (Cattell et al., 2008) . This type of practice is common in long duration construction projects carried out in high inflation rate countries (Nikpour et al., 2017) .
Quantity error exploitation, a.k.a. individual rate loading, usually occurs when a contractor predicts variations in the design documents or identifies overestimation and/ or underestimation in the measured quantities. In this case, contractors tend to increase the prices of items whose quantities are underestimated and to lower the prices of items whose quantities are underestimated (Cattell et al., 2008; Prajapati and Bhavsar, 2017; Su and Lucko, 2015) . In this type of pricing strategy, the contractor may considerably increase his profit by taking advantage of the error in the quantities measured by the owner (Hyari, 2016) .
Unbalanced bidding can be employed by contractors when they are bidding unit price or lump sum contracts (Su and Lucko, 2014) . In unit price contracts, bids can be unbalanced by manipulating unit prices of items without affecting the total bid price. In general, owners make the award decision based on the total bid price and do not pay much attention to variations in unit prices of items offered by different bidders. For this reason, it is more difficult to detect unbalanced bids created by quantity error exploitation for owners, especially in unit price contracts (Nikpour et al., 2017) . Therefore, this study focused on unbalanced bids created using quantity error exploitation in unit price contracts.
The main objective of this study to provide owners with a model, which may assist them in detecting unbalanced bids. The proposed model uses five different grading systems. Owners may assign different weights to these grading systems and thereby the final score of each bidder can be calculated. All bidders can be evaluated based on the calculated final scores as well as the offered bid prices. In order to demonstrate how the proposed model can be performed in construction projects, an illustrative example is presented. The findings of this study revealed that the proposed model can help owners in detecting and preventing unbalanced bids during the bid evaluation stage.
The abstract, introduction, unbalanced bidding in the construction industry, detection and prevention of unbalanced bids: the developed models, and conclusions sections have been revised in this version of the paper. The abstract section has been changed for enabling better understanding of the objective and findings of the research. The literature review presented in the introduction, unbalanced bidding in the construction industry, and detection and prevention of unbalanced bids: the developed models sections has been considerably improved by adding new references so that the importance and contribution of this paper to the existing body of knowledge can be better understood. In the conclusions section, limitations of this study and the future direction of this research have been clearly stated.
Unbalanced Bidding in the Construction Industry
The idea of unbalanced bidding is not a new concept in the construction industry. It is commonly acknowledged that unbalanced bidding was first introduced by Gates (1967) as a bidding strategy. Later, Stark (1968) proposed a linear programming model for optimizing unbalanced bids. Following these studies, numerous researches have been conducted to address unbalanced bids.
Unbalanced bidding is one of the most contentious topics in the construction management domain. While some researchers encourage unbalanced bidding and consider it as a bidding strategy, others discourage this practice and consider it as an unethical and illegal (Hyari, 2017) .
In the literature, there are numerous studies focusing on unbalanced bidding. These studies can be categorized into two main categories:
1. the studies that aim to develop optimization models that assist contractors in winning contracts and maximizing profits of their bids through unbalancing (e.g. Afshar and Amiri, 2010a; 2010b; Cattell et al., 2008; Christodoulou, 2008; Liu et al., 2009; Nassar, 2004; Su and Lucko, 2014; 2015) , and 2. the studies that aim to develop models that assist owners in detecting and/or preventing unbalanced bids during the bid evaluation stage (e.g. Arditi and Chotibhongs, 2009; Bell, 1989; Hyari, 2016; Hyari et al., 2016; Nikpour et al., 2017; Renes, 2012; Shrestha et al., 2012; Skitmore and Cattell, 2013; Venkatesh and Rao, 2017; Wang, 2004; Yin et al., 2010) .
Although there is no consensus on whether unbalanced bidding is ethical or not, there are various disadvantages of unbalanced bids for owners, such as; prevention of real competition environment, risk of unbalanced bid being excluded in the bid evaluation stage, if it is detected by owner, obligation of owner to pay in advance in unbalanced bid created by front-loading, obligation of owner to pay more due to inflation in unbalanced bid created by end-loading, failure of the lowest bidder at the end of project, ease of entry into the construction industry, etc. (Gransberg and Riemer, 2009; Loulakis and McLaughlin, 2011) .
Detection and Prevention of Unbalanced Bids:
The Developed Models Owners intend to detect unbalanced bids in advance as a preventive action because of its negative effects on the overall project performance. In the literature, there are few studies that aim to assist owners in detecting and/or preventing unbalanced bids during the bid evaluation process. Unbalanced bidding is not forbidden in the construction industry, but some researchers consider it as an unethical and risky strategy. If an owner has a simple and systematic mechanism to detect unbalanced bids, a fair competition environment can be created. Therefore, detection of unbalanced bids, especially quantity error exploitation, is a critical issue for owners. This type of unbalancing is much more difficult to detect than front-end loaded bids. Bell (1989) proposed a single percentage factor method, which prevents unbalanced bidding in unit price contract. This method aims to preclude quantity error exploitation bids and also prevent front-loading and end-loading of bid. Wang (2004) developed an electronic based procedure to manage bid unbalancing in lump sum contracts. This method mainly focuses on the adjustment of rates submitted by the lowest bidder in estimated quantities and the rates submitted by all qualified bidders without affecting the total bid price of bidder. Arditi and Chotibhongs (2009) developed two separate processing models to detect unbalanced bids created by frontend loaded and quantity error exploitation. These models are based on comparing prices of each bid item with the engineer's (i.e. owner's) estimates and the average prices offered by bidders. Yin et al. (2010) stated that unbalanced bidding is a tool to win the contract with the lowest price for contractors. On the other hand, unbalanced bids may cause lower contract price but higher project completion price. Their study provides a reference for owner's project investment control. Renes (2012) suggested that unbalance bidding can be eliminated or mitigated by hiding quantities of activity estimated by owner, and also proposed that estimated quantities for each bid item may be presented to bidders as a range of values rather than as a single value. Shrestha et al. (2012) conducted a linear correlation analysis to investigate whether bidders were applying front-end loading method or not. Skitmore and Cattell (2013) presented a simulation study, which illustrates the likely impacts of using typical unbalanced bid detection methods under some assumptions. Hyari (2016) proposed a model for prevention of unbalanced bids rather than detection. The model provides a systematic procedure, which uses the average unit price of all bidders to adjust unit price of every bid item submitted by each bidder without affecting the total bid amount of the bidder. Hyari et al. (2016) presented a detection model to help owners in detecting unbalanced bids. The proposed model is based on considering uncertainty in estimated quantities of activity in order to detect unbalanced bids in the bid evaluation stage. The model uses Monte Carlo simulation to measure the risk impacts of differences between actual quantities of activity and estimated quantities to evaluate submitted bids. Venkatesh and Rao (2017) proposed an approach, which aims to help owners in selecting optimum bidder through neutralizing the impact of largely varied bid prices. Nikpour et al. (2017) proposed a detection tool, which develops Bid Markup Distribution Index Graph (BMDI), to identify unbalanced bids in unit price contracts during the bid evaluation process. The developed tool also uses Monte Carlo simulation to consider the impacts of cost uncertainties and risks.
The Proposed Unbalanced Bid Detection Model
This study aims to provide owners with a model, which may assist them in detecting unbalanced bids. For this purpose, the existing models were reviewed. The proposed detection model uses five different grading systems. Owners may assign different weights to these grading systems and thereby the final score of each bidder can be calculated. All bidders can be evaluated based on the calculated final scores as well as the offered bid prices. The five different grading systems in the proposed model are explained briefly in the Sections 4.1-4.5.
First Grading System
The main idea behind this grading system is to compare the ratio of each activity's total price in the bid price offered by each bidder with the one estimated by the owner. From the bidder's viewpoint, the price of each activity i (i = 1, 2, …, n) is calculated multiplying its quantity (q i ) by its unit price estimated by the bidder (bup i ). From the owner's viewpoint, the price of each activity i (i = 1, 2, …, n) is calculated multiplying its quantity (q i ) by its unit price estimated by the owner (oup i ). The bid price (BP) is the sum of prices of every activity estimated by bidders (Eq. (1)), whereas the estimated construction cost (ECC) is the sum of prices of every activity estimated by owner (Eq. (2)). The ratio of each activity's total price estimated by each bidder in the bid price (br i ) and the ratio of each activity's total price estimated by the owner in the estimated construction cost (or i ) are calculated using Eqs. (3) and (4). Then the comparison ratio for the first grading system (r 1 ) is calculated by dividing br i by or i (see Eq. (5)). Having calculated this comparison ratio, a grade is given to each activity (g 1i ) based on the intervals given in Table 1 . The total score obtained from the first grading system (BTS 1 ) is calculated using Eq. (6), where g max is the maximum value of the grading system 1 (g max = 42). 
Second Grading System
The main idea behind this grading system is to compare the unit price of each activity i (bup i ) offered by each bidder with the ones estimated by the owner (oup i ). In this grading system, the comparison ratio (r 2 ) is calculated using Eq. (7). Bidders obtain a grade for each activity (g 2i ) based on the intervals given in Table 1 . The total score received from the second grading system (BTS 2 ) is found using Eq. (8), where g max is the maximum value of the grading system 2 (g max = 42). 
Third Grading System
The main idea behind this grading system is to compare the unit price of each activity (b upi ) offered by each bidder with the average of unit prices (aup i ) offered by n number of bidders. The average unit price of each activity is calculated using Eq. (9) and the comparison ratio (r 3 ) is calculated using Eq. (10). Bidders obtain the grade (g 3i ) according to the comparison ratio obtained for each activity (see Table 1 ). Then, the total score received from the second grading system (BTS 3 ) is found using Eq. (11), where g max is the maximum value of the grading system 3 (g max = 42). 
Fourth Grading System
The main idea behind this grading system is to compare the bid price offered by the bidder (BP) with the estimated construction cost (ECC). The comparison ratio (r 4 ) is calculated by Eq. (12). Bidders obtain the grade (g 4 ) according to this ratio based on the intervals presented in Table 2 . The total score for grading system 4 (BTS 4 ) is calculated using Eq. (13), where g max = 21.
Fifth Grading System
The main idea behind this grading system is to compare to the sum of total prices of activities whose quantities may likely increase during the construction phase offered by bidders (br is ) with the ones estimated by the owner (or is ) (see Eqs. (14), (15) 
A comparison rate is calculated for all grading systems. Bidders obtain grades according to these ratios. Grading tables (Tables 1 and 2 ) have been prepared so that bidders can be evaluated fairly.
Two different grading tables were prepared within scope of the proposed model. Grading system 1, 2, 3, and 5 have a wide range, while grading system 4 has a narrow range. This indicates that grading system 4 is more sensitive than the others. In grading system 4, if the comparison rate is higher than 1.050, it gets the lowest grade (g min = 1), while if it is lower than 0.950, it gives the highest grade (g max = 21). This function also applies to the others, only the limit values are different.
Finally, different weights to these grading systems can be assigned to calculate the final score of each bidder. The final scores of bidders are calculated using Eq. (18) and they are evaluated based on their final scores as well as the total bid price. ( 18) where w 1 is the weight for the first grading system, w 2 is for the second one, w 3 is for the third one, w 4 is for the fourth one, w 5 is for the fifth one. Table 3 . The estimated construction cost (ECC) estimated by the owner is 13,766,619.41 TL, and the bid prices offered by 8 bidders are 14,043,276.86 (BP 1 ), 13,826,569.14 (BP 2 ), 13,389,997.59 (BP 3 ), 13, 624, 850.19 (BP 4 ), 13, 947, 114.50 (BP 5 ), 13, 622, 893.85 (BP 6 ), 13,641,083.17 (BP 7 ), and 13,538,572.61 (BP 8 ), respectively. In this study, the weights are 20 % for first grading system, 15 % for the second one, 10 % for the third one, 15 % for the fourth one, and 40 % for the fifth one. It should be kept in mind that these weights can differ depending on the needs of the owner. The final scores calculated for 8 bidders are presented in Table 4 .
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Based on the final scores presented in Table 4 , Bidder 8 (B 8 ) achieved the highest final score and Bidder 3 (B 3 ) achieved the lowest final score. Although B 3 offered the lowest bid price and received the highest grades from the second, third and fourth grading systems, it received the lowest final score because it received the lowest grade from the fifth grading system whose weight is the highest one. Consequently, B 3 achieved a very low score in the fifth grading system and this negatively affected the final score. On the other hand, B 8 is above average grade in all grading systems, although it does not offer the lowest bid price and has got the highest final score. Therefore, B 8 is the most appropriate bidder for the owner. It can be concluded that B 3 offers the most unbalanced bid, whereas B 8 offers the most balanced bid. 
Conclusions
Unbalanced bidding is a major issue and an important unethical problem for owner in the construction industry. Owner has right to reject unbalanced bids, but it is hard to detect unbalancing because award decision mostly depends on the total bid price and changes in unit price of bid items are usually not taken into consideration. For these reasons, it is more difficult for owner to detect quantity error exploitation bids, especially in unit price contracts.
If an owner can detect an unbalanced bid, a fair competition environment can be created in the bidding process. This study focuses on quantity error exploitation in unit price contracts and aims to provide owners with a model, which assists them in detecting the potential unbalanced bids. In order to achieve this objective, the relevant literature was reviewed and then a model was proposed. The proposed model is designed to detect unbalanced bids by using five different grading systems. The final scores of bidders are calculated by assigning different weights to these grading systems. Bidders are evaluated according to their final scores as well as the total bid price. In order to demonstrate how the proposed model can be performed in construction projects, an illustrative example was presented. The outcomes of proposed model have shown that it is a useful tool for detecting unbalanced bids created by quantity error exploitation method in unit price contracts. This study also showed that when selecting the most appropriate contractor for project, owner should take into consideration not only bid price offered by bidders but also unit prices offered for each item.
This study is limited as it only focuses on unbalanced bids created by using quantity error exploitation method in unit price contracts. In future studies, the models addressing unbalanced bids in different types of contracts and created by using front-end loading / back-end loading can be developed. 
